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$FFXUDWH DERYHJURXQG ELRPDVV DQG VWHP YROXPH HVWLPDWHV DUH FUXFLDO IRU WKH
PDQDJHPHQW RI 0R]DPELTXH¶V IRUHVWV 7KLV VWXG\ IRFXVHG RQ WKH GHYHORSPHQW RI
DERYHJURXQG ELRPDVV DQG VWHP YROXPH HTXDWLRQV IRU WKH WKUHH PRVW YDOXDEOH
FRPPHUFLDO WLPEHU VSHFLHV LQ 0R]DPELTXH Afzelia quanzensis :HOP &KDQIXWD






 RI WKHLU WRWDO VWHP KHLJKW 7KH UHFRUGHG GDWD LQFOXGHG WKH WRS DQG ERWWRP
GLDPHWHUVRIHDFKVWHPVHFWLRQWKHOHQJWKRIHDFKVHFWLRQDQGWKHIUHVKZHLJKWVRIHDFK
VHFWLRQ DVZHOO DV WKHRWKHU WUHH IUDFWLRQV LH EUDQFKHV DQG OHDYHV 6XEVDPSOHV IRU
GU\ZHLJKWDQGEDVLFZRRGGHQVLW\GHWHUPLQDWLRQLQ WKHODEZHUHFROOHFWHGIURPHDFK
VWHP VHFWLRQ DW EUHDVW KHLJKW DQG IURP EUDQFKHV DQG OHDYHV %LRPDVV YDOXHV ZHUH
FDOFXODWHGIURPWKHUDWLRVRIWKHGU\DQGIUHVKZHLJKWVIRUHDFKVXEVDPSOH7KHVWHP
YROXPHVRI WKH VDPSOHG WUHHVZHUHHVWLPDWHG IURP WKHYROXPHVRI WKH VWHPVHFWLRQV
ZKLFKZHUHLQWXUQHVWLPDWHGXVLQJ6PDOLDQ¶VIRUPXOD%LRPDVVDQGYROXPHGDWDZHUH
ILWWHG XVLQJ QRQOLQHDU SRZHU HTXDWLRQV 'LDPHWHU DW EUHDVW KHLJKW ZDV WKH EHVW
SUHGLFWRU RI WKH WRWDO DQG VWHP ELRPDVV 5 ZKLOH GLDPHWHU DQG KHLJKW EHVW
H[SODLQHGWKHVWHPYROXPHGDWD5
-DPELUHZDVIRXQGWRKDYHWKHKLJKHVWELRPDVVRIWKHWKUHHVSHFLHVDQG8PELODWKH
ORZHVW 7KH VWHPV RI&KDQIXWD DQG -DPELUH DFFRXQWHG IRU WKHPDMRULW\ RI WKHLU WRWDO
ELRPDVV EXW WKH EUDQFKHV DFFRXQWHG IRU PRVW RI WKH ELRPDVV RI 8PELOD 7KH
FRPPHUFLDO VWHP OHQJWK DFFRXQWHG IRU EHWZHHQ  DQG  RI WKH WRWDO OHQJWK
LQGLFDWLQJ WKDW FRPPHUFLDO ORJJLQJ FRXOG SURGXFH VXEVWDQWLDO TXDQWLWLHV RI ELRPDVV
UHVLGXHV WKDW FRXOG EH XVHG IRU RWKHU SXUSRVHV VXFK DV WKH JHQHUDWLRQ RI ELRHQHUJ\
7KLVZRXOG UHGXFH WKHQHHG WR IHOO IRUHVWV IRU HQHUJ\ LQ0R]DPELTXH )XWXUH VWXGLHV
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PDLQ VRXUFH RI IXHO IRU DERXW  RI SHRSOH LQ $IULFD )$2  ,Q
0R]DPELTXH  RI WKH SRSXODWLRQ OLYHV LQ UXUDO DUHDV DQG LV KHDYLO\
GHSHQGHQW RQ IRUHVWV IRU WLPEHU QRQWLPEHU SURGXFWV 17)3V FRQVWUXFWLRQ
PDWHULDOVPHGLFLQDO SODQWV DQG GLYHUVH HQYLURQPHQWDO VHUYLFHV VXFK DV HFR
WRXULVP ELRGLYHUVLW\ FRQVHUYDWLRQ DQG FDUERQ VHTXHVWUDWLRQ &DPSEHOO HW DO
 1KDFDOH HW DO  +RZHYHU WKH ZRUOG¶V WURSLFDO UHJLRQV DUH
XQGHUJRLQJ UDSLG GHIRUHVWDWLRQ GXH WR WKH KDUYHVWLQJ RI IXHO ZRRG WKH
UHFODPDWLRQRI ODQGIRUDJULFXOWXUDOSXUSRVHVDQGWLPEHUORJJLQJ&DPSHOOet 







1DWXUDO IRUHVWVZLWK WKHSRWHQWLDO IRU WLPEHUSURGXFWLRQFRYHUDURXQGRI
0R]DPELTXH¶VODQGVXUIDFH0DU]ROL,WVIRUHVWVFRQWDLQLGHQWLILHG
FRPPHUFLDO WLPEHU VSHFLHV '1))%  RI ZKLFK RQO\  DUH FXUUHQWO\
KDUYHVWHG DQG RQO\  DUH ZHOO NQRZQ LQ WKH GRPHVWLF DQG LQWHUQDWLRQDO
PDUNHWV 7KH PRVW KDUYHVWHG VSHFLHV DUH -DPELUH Milletia stuhlmannii
&KDQIXWD Afzelia quanzensis 8PELOD Pterocarpus angolensis 3DXSUHWR




Androstachys johnsonii3DXURVD Berchemia zeyheri0RQ]R Combretum 
imberbe8PEDXD Khaya nyasica DQG 7XOH Milicia excelsa PRUH H[RWLF
VSHFLHVLQFOXGHEucalyptus sp.DQGPinus sp.
7KHWRWDOFRPPHUFLDOWLPEHUVWRFNLQ0R]DPELTXH¶VQDWXUDOIRUHVWVLVDERXW
 ELOOLRQ P ZLWK DQ DOORZDEOH DQQXDO FXW RI    P
0DU]ROL  1DWLRQDO VWDWLVWLFV IURP  '1))% 
'17)  LQGLFDWH WKDW DQQXDO KDUYHVWHG YROXPH LV DURXQG 
EHORZWKHDOORZDEOHDQQXDOOHYHODVVKRZQLQ)LJXUH
Figure 1./LFHQVHGDQGKDUYHVWHGWLPEHUYROXPHVLQ0R]DPELTXHEHWZHHQDQG







7KH VHFWRU DOVR SURYLGHV GLUHFW IRUPDO DQG LQIRUPDO HPSOR\PHQW WR DURXQG
SHRSOH 1KDQFDOHHW DO 8QIRUWXQDWHO\ WKH VFRSH IRU ULJRURXV
DQDO\VLV RI LWV FRQWULEXWLRQ LV OLPLWHG E\ D ODFN RI GDWD WRJHWKHU ZLWK ZHDN
FRQWURODQGUHFRUGLQJV\VWHPV$OEHUWR
7KHFRXQWU\¶VPDMRUWLPEHUSURGXFWVDUHORJVRUURXQGZRRGVDZQWLPEHU
UDLOZD\ VOHHSHUV SROHV SDUTXHW EODQNV '17) IXUQLWXUH ER[HV GRRUV


























 LQ  WR  LQ '1))% '17)   7KLV
LQFUHDVHLQWKHSURGXFWLRQRISURFHVVHGWLPEHUDQGUHGXFWLRQLQWKHSURSRUWLRQ
RI H[SRUWHG ORJVZDV SDUWO\ GXH WR FKDQJHV LQ WKH UHJXODWLRQV JRYHUQLQJ WKH
IRUHVW LQGXVWU\ ± WD[HV RQ ORJ H[SRUWV ZHUH LQFUHDVHG DQG VRPH WUHH VSHFLHV
ZHUHUHFODVVLILHGLQDZD\WKDWUHVWULFWHGWKHH[SRUWRI WKHLUORJV+RZHYHU LW











WKH )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ )$2 KDYH FROODSVHG GXH WR KLJK




%LRPDVV LH ILUHZRRG DQG FKDUFRDO DFFRXQWV IRU  RI 0R]DPELTXH¶V
HQHUJ\FRQVXPSWLRQ(OHFWULFLW\DFFRXQWVIRUDQRWKHUWKHUHPDLQLQJLV
GXH WR K\GURFDUERQV VXFK DV GLHVHO SHWUROHXP IXHOV /3* DQG QDWXUDO JDV
0(,QDGGLWLRQVRODUHQHUJ\LVXVHGIRUIRRGGU\LQJDQGFRQVHUYDWLRQ
DVZHOODVOLJKWLQJ+RZHYHULWVFRQWULEXWLRQLVWRRVPDOOWRZDUUDQWHVWLPDWLRQ
)XHOZRRGV DUH PDLQO\ REWDLQHG E\ FXWWLQJ VHFRQGDU\ DQG VRPHWLPHV
SULPDU\ QDWXUDO IRUHVWV 0DQJXH  $UJROD  &DQJHOD  3XQi
6LWRHet al.7KHFRXQWU\¶VDQQXDO IXHOZRRGFRQVXPSWLRQ LV
PLOOLRQ P 6LWRH HW DO  ZKLFK LV  WLPHV JUHDWHU WKDQ WKH DYHUDJH
DQQXDO DOORZDEOH FXW YROXPH )XHOZRRG KDUYHVWLQJ DQG WKH H[SDQVLRQ RI
DJULFXOWXUDO ODQG DUH HVWLPDWHG WR EH UHVSRQVLEOH IRU WKH GHIRUHVWDWLRQ RI
KDSHU\HDUFRUUHVSRQGLQJWRRIWKHFRXQWU\¶VWRWDOIRUHVWFRYHU




FRXQWU\¶V IXHOZRRG LV KDUYHVWHG LQIRUPDOO\ ZLWKRXW DQ\ OLFHQVLQJ DQG JRHV
XQUHFRUGHG7KH LPSDFW RI LWV XVH LV WKHUHIRUHYHU\GLIILFXOW WR HVWLPDWH 7KH
ORZLQFRPHVDQGKLJKSRSXODWLRQJURZWKUDWHVLQ6RXWKHUQ$IULFD$EERWet al
$EERWDQG+RPHZRRG:LOOLDPVet alDQGLQ0R]DPELTXH
LQ SDUWLFXODU PHDQ WKDW WKH SUHVVXUH RQ IRUHVWV WR PHHW SHRSOH¶V QHHGV IRU
DJULFXOWXUDO ODQG DQG HQHUJ\ ZLOO LQFUHDVH LQ IXWXUH 7KHVH UHJLRQV WKHUHIRUH
UHTXLUHDOWHUQDWLYHHQHUJ\VRXUFHV
0RUH WKDQ D WKLUG RI WKH WLPEHU YROXPH IHOOHG LQ0R]DPELTXH LV OHIW XQ
XWLOL]HG GXH WR WKH XVH RI LQHIILFLHQW ORJJLQJ WHFKQLTXHV )DWK  6XFK
PDWHULDO UHSUHVHQWV SRWHQWLDOO\ UHDGLO\ DYDLODEOH ELRPDVV WKDW VKRXOG EH
TXDQWLILHGDQGHYDOXDWHGWRGHWHUPLQHLWVSRWHQWLDOXVHV7KLVZRUNIRFXVHVRQ
WKHFRXQWU\¶VWKUHHPRVWKDUYHVWHGVSHFLHV&KDQIXWD-DPELUHDQG8PELODDV
SRWHQWLDO VRXUFHV RI UHVLGXDO ELRPDVV IURP ORJJLQJ RSHUDWLRQV WKDW FRXOG EH
PRELOL]HGIRUELRHQHUJ\XVH:KLOHSODQWHGIRUHVWVRIIDVWJURZLQJVSHFLHVDOVR
KDYH JUHDW SRWHQWLDO IRU WKH SURGXFWLRQ RI HQHUJ\ZRRG WKH\ DUH EH\RQG WKH
VFRSHRIWKLVLQYHVWLJDWLRQ
 0DMRU0R]DPELFDQWUHHVSHFLHVDQGWKHLUGLVWULEXWLRQ
&KDQIXWD LV D PHGLXP WR ODUJH GHFLGXRXV WUHH IURP WKH )DEDFHDH
&DHVDOSLQLRLGHDH IDPLO\ ,W RFFXUV LQ GU\ IRUHVWV ORZODQG WKLFNHWV DQG GU\
ZRRGODQGV DW DOWLWXGHV RI  WR P DVO LQ UHJLRQV ZLWK D PHDQ DQQXDO
UDLQIDOO RI DURXQG  PP :\N 	 :\N  ')6&  ,Q
0R]DPELTXHLWRFFXUVPDLQO\LQWKH6RXWKHUQDQG&HQWUDOUHJLRQVZLWKDWRWDO
DYDLODEOH FRPPHUFLDO VWRFN RI  P 0DFNHQ]LH  0DU]ROL
 &KDQIXWD WUHHV DUH XVXDOO\ XS WR P WDOO ZLWK D VKRUW EROH D ZLGH
XPEUHOOD VKDSHG FURZQ DQG ODUJH OHDYHV 7KH\ SUHIHU GHHS DQGZHOO GUDLQHG
VDQG\ VRLOV *pUDUG  7KH WUHH SURYLGHV JRRG VKDGH ')6& 
SURGXFHVKLJKTXDOLW\WLPEHUDQGLVPRGHUDWHO\UHVLVWDQWWRWHUPLWHV*RPHVH
6RXVD  ,WV ZRRG LV KDUG KHDY\ DQG GXUDEOH DQG LV PDLQO\ XVHG WR
SURGXFHIXUQLWXUHEXLOGLQJPDWHULDOVDQGFDQRHVDVZHOODVIRUFUDIWLQJ+LQHV
	(FNPDQ,WVEDVLFGHQVLW\LVUHSRUWHGWREHEHWZHHQDQGJ
FP %XQVWHU 0DWH HW DO  7KH KDUYHVWLQJ RI&KDQIXWD WUHHV LV
SHUPLWWHGRQFHWKHLUVWHP'%+H[FHHGVFPRE'1))%
-DPELUHIURPWKH)DEDFHDHIDPLO\LVDPHGLXPWRODUJHGHFLGXRXVWUHHWKDW
UHDFKHVKHLJKWVRI WRPZLWKDVSUHDGLQJFURZQ,W LV ORFDOO\GRPLQDQW
/HPPHQV  DQG LV GLVWULEXWHG DFURVV 0R]DPELTXH DQG (DVWHUQ
=LPEDEZH(&&00DU]ROLFRPPRQO\JURZLQJLQEXVKYHOGDQG
IRUHVWVRIWHQRQURFN\KLOOVLGHV:\N	:\NDWDOWLWXGHVRIXSWRP





LQOD\ZRUN DQG LQ UDLOZD\ VOHHSHUV 7KH XQXVXDO FRQILJXUDWLRQ RI LWV DQQXDO
ULQJVJLYHVLWVIODWVDZQWLPEHUDGHOLFDWHDSSHDUDQFHWKDWLVKLJKO\DSSUHFLDWHG




8PELOD LVDPHGLXPWR ODUJH WUHH WKDW LV W\SLFDOO\±PWDOOEXWPD\
UHDFKKHLJKWVRIPXQGHULGHDOFRQGLWLRQV:\N	:\N,WEHORQJV
WR WKH VXEIDPLO\ 3DSLOLRQRLGHDH DQG LV GLVWULEXWHG RYHU ODUJH DUHDV LQ WKH
0LRPER ZRRGODQGV RI FHQWUDO DQG VRXWKHUQ $IULFD ZKLFK H[WHQG DFURVV
0DODZL0R]DPELTXH=DPELD=LPEDEZHDQG%RWVZDQD7KHUUHOOHWDO
0DU]ROL ,WJURZVZHOORQGUDLQHGVDQG\ VRLOV DQGDOVRRQKLOOVLGHVDW
DOWLWXGHVXSWRPDVOZLWKWRPPSUHFLSLWDWLRQSHU\HDU2UZD
HW DO  ,WV ZRRG LV XVHG IRU WLPEHU DQG LWV UHGGLVK EURZQ KHDUWZRRG
PDNHV LW WR RQHRI WKHPRVW YDOXDEOH WLPEHU WUHHV LQ VRXWKHUQ WURSLFDO$IULFD





7URSLFDO WUHH VSHFLHV RIWHQ SURGXFH IDOVH LUUHJXODU RU XQFOHDU DQQXDO JURZWK
ULQJV &RQVHTXHQWO\ WKH HVWLPDWLRQ RI WKHLU DJH LV FKDOOHQJLQJ DQG KDV
RFFDVLRQHG VRPH VFLHQWLILF FRQWURYHUV\ :KLWPRUH  %DNHU 
+RZHYHU DQQXDO JURZWK ULQJV KDYH EHHQ LGHQWLILHG DQG UHSRUWHG LQ VRPH
VWXGLHV &KDPEHUV HW DW :RUEHV DQG -XQN  6WDKOH et al 
:RUEHV7KHUUHOOet al6WHHQNDPSet al6\DPSXQJDQLet 
al  7VKLVLNKDZH et al  DQG5HPDQH  )HZ DJHHVWLPDWLRQ
VWXGLHV KDYH EHHQ FRQGXFWHG LQ 0R]DPELTXH DQG WKRVH WKDW KDYH EHHQ
UHSRUWHG7DEOHDOOXVHGGLIIHUHQWPHWKRGRORJLHVZKLFKPDNHVLWGLIILFXOWWR
FRPSDUH WKHLU UHVXOWV 6LWRH  H[DPLQHG XVHG SHUPDQHQW VDPSOH SORWV
\LHOGLQJLQGLUHFWDJHHVWLPDWHVZKHUHDV7KHUUHOOet al 6\DPSXQJDQL
et al  DQG 5HPDQH  SHUIRUPHG DQQXDO JURZWK ULQJ DQDO\VHV D
GLUHFWPHWKRG7KHODFNRIGDWDRQWUHHDJHKDVOLPLWHGWKHGHYHORSPHQWRIVLWH











Chanfuta 0R]DPELTXH ± 6FKLNRZVNLet al
Jambire 0R]DPELTXH  5HPDQH
Jambire 0R]DPELTXH  6LWRH
Umbila 0R]DPELTXH ± 6FKLNRZVNLet al
Umbila =LPEDEZH ± 7KHUUHOOet al
Umbila =LPEDEZH ± 6WDKOHet al
0$,VWDQGVIRUPHDQDQQXDOGLDPHWHULQFUHPHQW
 %LRPDVVDQG9ROXPH(VWLPDWLRQ0HWKRGV
(VWDEOLVKHG PHWKRGV IRU ELRPDVV HVWLPDWLRQ LQFOXGH L GHVWUXFWLYH GLUHFW
PHDVXUHPHQW DQG LL QRQGHVWUXFWLYH PHDVXUHPHQW LQGLUHFW HVWLPDWLRQ
'HVWUXFWLYHPHWKRGV LQYROYH WUHH KDUYHVWLQJPHDVXULQJ WKH IUHVKZHLJKWV RI
WKH WUHHV¶ LQGLYLGXDO FRPSRQHQWV VWHP EUDQFKHV WZLJV OHDYHV DQG URRWV
GU\LQJVDPSOHVRIHDFKFRPSRQHQWFRPSDULQJWKHIUHVKDQGGU\PDVVHVRIWKH
VDPSOHV DQG XVLQJ WKH UHVXOWLQJ YDOXHV WR HVWLPDWH WKH ELRPDVV RI HDFK
FRPSRQHQW  WKH WUHHDVDZKROH DQG WKHELRPDVVSHUXQLW ODQGDUHD *726
7KLVDSSURDFKLVYLDEOHIRUVPDOODUHDVEXWLVTXLWHWLPHFRQVXPLQJDQG
LPSUDFWLFDOIRUODUJHUDUHDVEHFDXVHLWPDNHVLWLPSRVVLEOHWRHYDOXDWHELRPDVV
JURZWK RYHU ORQJHU SHULRGV RI WLPH 6WHZDUW HW DO  ,Q FRQWUDVW QRQ
GHVWUXFWLYHPHWKRGVGRQRWUHTXLUHWUHHIHOOLQJ0RQWpVHWDO%DVHGRQ
WKH VDPSOHG WUHHELRPDVV WKH VWDQGELRPDVV LV FDOFXODWHGE\PXOWLSO\LQJ WKH
ELRPDVV RI VDPSOHG WUHHV E\ WKH DYHUDJH QXPEHU RI WUHHV SHU XQLW DUHD
-RKDQVVRQ  8VLQJ UHPRWH VHQVLQJ WHFKQLTXHV VWDQGOHYHO ELRPDVV
HVWLPDWHVFDQEHVFDOHGXSWRWKHODQGVFDSHOHYHO&DVHDQG+DOO*726

7KH WUHHYROXPH LV JHQHUDOO\ HVWLPDWHGEDVHGRQ WUHHGLDPHWHU DQGKHLJKW
PHDVXUHPHQWV E\ XVLQJ VSHFLILF IRUPXODV VXFK DV WKRVH RI 6PDOLDQ+XEEHU
DQG1HZWRQ+XVFKet al., RU+RKHQDGOGD&XQKD'LUHFWYROXPH
PHDVXUHPHQWVDUHXVXDOO\PDGHE\VHFWLRQLQJDWUHHLQWRVPDOOHUSLHFHVZKLFK
DUH DVVXPHG WR EH F\OLQGULFDO +XVFK et al,  7KH YROXPH LV WKHQ
H[SUHVVHG LQ FXELFPHWHUV DV D IXQFWLRQ RI GLDPHWHU RU VRPH FRPELQDWLRQ RI
GLDPHWHU DQG KHLJKW RU FRPPHUFLDO OHQJWK +XVFK et al.  *LHU 
(TXDWLRQVIHDWXULQJDGGLWLRQDOYDULDEOHVVXFKDVWUHHIRUP+XVFKet al













DQG FRQGLWLRQ &KDYp HW DO  =LDQLV DQG 0HQFXFFLQL  6HYHUDO
YROXPHDQGELRPDVVHTXDWLRQVKDYHEHHQGHYHORSHGIRUPDMRU WUHHVSHFLHVLQ
(XURSH =LDQLV HW DO  $VLD DQG $PHULFD %URZQ  &KDYp HW DO
+RZHYHURQO\D IHZVWXGLHVKDYHH[DPLQHG WKH IXOO UDQJHRI WURSLFDO
$IULFDQ VSHFLHV 0RVW SXEOLVKHG $IULFDQ VWXGLHV KDYH IRFXVHG RQ WURSLFDO
UDLQIRUHVW VSHFLHV $NLQGHOH 	 /H0D\  2Q\HNZHOX  $GHNXQOH
0EDHNZHDQG0DFNHQ]LHDQGVRWKHLUUHVXOWVDUHQRWDSSOLFDEOHWR
WKH GHFLGXRXV DQG VHPLGHFLGXRXV PLRPER IRUHVW VSHFLHV IRXQG LQ
0R]DPELTXH
0LRPER IRUHVWV DFFRXQW IRU WZR WKLUGV RI 0R]DPELTXH¶V IRUHVW FRYHU
0DU]ROLDQGRFFXULQDZLGHUDQJHRIFOLPDWHV0RVWRIWKHFRXQWU\¶V
PLRPERIRUHVWVDUHLQPRLVWWURSLFDOUHJLRQVEXWWKH\DOVRH[LVWLQGU\FOLPDWHV
DQG FOLPDWHV PRGLILHG E\ DOWLWXGH )$2  7KH GHYHORSPHQW RI
DSSURSULDWHDOORPHWULFHTXDWLRQVLVDYLWDOVWHS0ZDNDOXNZDHWDOLQWKH
FUHDWLRQ RI UHOLDEOHPHWKRGV IRU HVWLPDWLQJ YROXPH DQG ELRPDVV %HIRUH WKLV
ZRUNZDV FRQGXFWHG QR VSHFLHVVSHFLILF ELRPDVV DQG YROXPH HTXDWLRQV KDG
EHHQ UHSRUWHG IRU&KDQIXWD -DPELUH DQG8PELOD +RZHYHU JHQHULF ELRPDVV
DQG YROXPH HTXDWLRQV IRU IRUHVW YHJHWDWLRQ RI WKH W\SHV IRXQG LQ &HQWUDO
0R]DPELTXHKDYHEHHQGHYHORSHGE\7FKD~TXHDQG0DU]ROL0DU]ROL
 UHVSHFWLYHO\ 7FKD~TXH  FUHDWHG D ELRPDVV HTXDWLRQ ZKLOH
0DU]ROL  UHSRUWHG D YROXPH HTXDWLRQ IRU IRUHVW VWRFN HVWLPDWHV ,Q
DGGLWLRQ 0DFKRFR  DQG 7RPR  SXEOLVKHG ELRPDVV H[SDQVLRQ
IDFWRUV DQG ELRPDVV DQG FDUERQ HVWLPDWHV IRU GLIIHUHQW YHJHWDWLRQ W\SHV LQ
&HQWUDO0R]DPELTXH DOWKRXJK QHLWKHU DXWKRU SUHVHQWHG DQ\ VSHFLHVVSHFLILF
GDWD




DO 9LHLOOHGHQW HW DO 0RUHRYHU H[LVWLQJ ELRPDVV HVWLPDWHV IRU
0R]DPELTXHKDYHEHHQREWDLQHGE\GLUHFW FRQYHUVLRQRIYROXPHGDWDGXH WR








VXFK ELRPDVV HVWLPDWHV EDVHG RQ VWHP YROXPHV DORQH ZLOO VXEVWDQWLDOO\









7KHRYHUDOO REMHFWLYHRI WKLVZRUNZDV WRSURYLGH LPSURYHG HVWLPDWHV RI WKH
VWDQGLQJ YROXPH DQG DERYHJURXQG ELRPDVV VWRFN RI &KDQIXWD -DPELUH DQG
8PELODVSHFLHVLQ0R]DPELTXH6XFKGDWDZLOOSURYLGHDPRUHDFFXUDWHSLFWXUH















3DSHU , SUHVHQWV HTXDWLRQV WKDW HQDEOH DFFXUDWH ELRPDVV HVWLPDWHV IRU
LQGLYLGXDO WUHH FRPSRQHQWV VWHPV EUDQFKHV DQG OHDYHV DQG GHVFULEHV WKH
TXDQWLILFDWLRQRIELRPDVVDQGELRPDVVDOORFDWLRQZLWKLQWKHVWXGLHGVSHFLHV
3DSHU ,, SUHVHQWV HTXDWLRQV WKDW HQDEOH DFFXUDWH YROXPH HVWLPDWHV IRU WKH
WKUHHVWXGLHGVSHFLHVDVZHOODVHVWLPDWHVRIWKHYROXPHVRIWLPEHUDQGUHVLGXDO
VWRFN WKDW FRXOG EH REWDLQHG 6XFK HVWLPDWHVZLOOPDNH LW SRVVLEOH WR HQVXUH
WKDW0R]DPELTXH¶VGHPDQGVIRUHQHUJ\DQG WLPEHUFDQEHPHW LQDZD\ WKDW
PLQLPL]HVWKHQHHGIRUIXUWKHUIRUHVWFOHDUDQFH
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E\ \HOORZLVK RU UHGGLVK R[LVROV 0DIDODFXVVHU DQG 0DUTXHV  0$(
D0DIDODFXVVHU 7KH VWXGLHG VWDQGV LQ ,QKDPEDQHSURYLQFHZHUH
ORFDWHGDWWKH0DYXPHDQG7RPHORFDOLWLHVLQ)XQKDORXUR'LVWULFWDW¶6
DQG¶(0$(E7KLVUHJLRQKDVDWURSLFDOVDYDQQDKFOLPDWHZLWK
DQ DYHUDJH DQQXDO UDLQIDOO RI PP DQG PDLQO\ KDV GHHS VDQG\ VRLOV
0$(E7KHVWXGLHGVWDQGVDW0DYXPHDQG7RPHDUHORFDWHGLQSXEOLF
IRUHVWVPDQDJHG E\ WKH 3URYLQFLDO )RUHVWU\$XWKRULW\ 7KH VWXG\ DUHDVZHUH
















7DEOH Location and characteristics of trees growing in the visited stands
3ORWQR /RFDOLW\ /DW6 /RQJ( '%+FP +HLJKWP 'RPLQDQWYHJHWDWLRQ
0HDQ6' 0HDQ6'
Chanfuta
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Ticket
 ,QKDPLQJD ¶ ¶   Ticket
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open evergreen
 ,QKDPLQJD ¶ ¶   Open evergreen
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Dense evergreen
 0DYXPH ¶ ¶   Dry deciduous
 0DYXPH ¶ ¶   Dry deciduous
 7RPH ¶ ¶   Dry deciduous
 7RPH ¶ ¶   Dry deciduous
 7RPH ¶ ¶   Dry deciduous
 7RPH ¶ ¶   Dry deciduous
 7RPH ¶ ¶   Dry deciduous
 7RPH ¶ ¶   Dry deciduous
 7RPH ¶ ¶   Dry deciduous
Jambire
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Ticket
 ,QKDPLQJD ¶ ¶   Ticket
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open evergreen
 ,QKDPLQJD ¶ ¶   Dense deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
Umbila
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/ dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 0DYXPH ¶ ¶   Open/dry deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous
 ,QKDPLQJD ¶ ¶   Open deciduous







URDG LQIUDVWUXFWXUHDQGKHDY\UDLQPHDQW WKDWRQO\RI WKHVHSORWVFRXOGEH
VXUYH\HG  LQ ,QKDPLQJD  LQ0DYXPH DQG  LQ7RPH 3DSHUV , DQG ,,
(DFK SORW FRYHUHG  P î  P EDVHG RQ SUHYLRXV VWXGLHV FRQGXFWHG LQ
0R]DPELTXH&XDPEHDQG0DU]ROL3ORWVZHUHGHPDUFDWHGXVLQJVWLFNV
DQG URSHV 7KH GLDPHWHU DW EUHDVW KHLJKW '%+ DQG KHLJKW WRWDO DQG
FRPPHUFLDOZDVUHFRUGHGIRUDOOWUHHVZLWKLQWKHSORWVZKRVH'%+ZDVFP
RU PRUH &XDPEH DQG 0DU]ROL   7UHHV IRUNHG EHORZ  P ZHUH
H[FOXGHG DQG WKRVH ZLWK IRUNV DERYH  P ZHUH PHDVXUHG VHSDUDWHO\ 1R
VDPSOHV ZHUH FROOHFWHG IRU DJH GHWHUPLQDWLRQ GXH WR WKH GLIILFXOW\ RI
LGHQWLI\LQJ DQQXDO ULQJV DQG WKH QHHG WR XVH VRSKLVWLFDWHGPHWKRGV WR REWDLQ




VWHP YROXPH HTXDWLRQV &KDQIXWD WUHHV  -DPELUH DQG 8PELOD 7KH
IRUHVW RSHUDWRUV VWLSXODWHG WKDW QRPRUH WKDQRQH VDPSOH WUHH IURP HDFKSORW
FRXOG EH XVHG IRU ELRPDVV DQG YROXPH PHDVXUHPHQW 6DPSOHG WUHHV ZHUH
KHDOWK\ XQGDPDJHG DQG QRQIRUNHG ZLWK IDLUO\ VWUDLJKW VWHPV '%+ ZDV
PHDVXUHGXVLQJFDOOLSHUVZKLOHKHLJKWZDVPHDVXUHGXVLQJ+DJO|I9HUWH[RU
K\SVRPHWHUV7KHFRPPHUFLDOKHLJKWZDVPHDVXUHGIURPWKHEDVHRIWKHVWHP
WR WKH ILUVW OLYLQJ EUDQFK$IWHU DOO RI WKH QHFHVVDU\PHDVXUHPHQWV KDG EHHQ
PDGH LQ WKH ILHOG DQG UHFRUGHG &KDQIXWD -DPELUH DQG 8PELOD VWHPV ZHUH
LGHQWLILHGDQGPDUNHG7KHPHDQ'%+SHU VSHFLHVSHUSORW DQGVWHPTXDOLW\
LQGLFDWRUV HJ VWUDLJKWQHVV KHDOWK ZHUH V\VWHPDWLFDOO\ XVHG WR LGHQWLI\
VDPSOHWUHHVWREHIHOOHG7KHVWXPSKHLJKWZDVGHILQHGDWFPDERYHJURXQG
EHIRUHWKHWUHHZDVIHOOHG
0RVW RI WKH WUHHV KDG XPEUHOODVKDSHG FURZQV ZLWK QR UHDGLO\LGHQWLILHG
QDWXUDOWRSZKLFKPDGHLWGLIILFXOWWRXQDPELJXRXVO\GHWHUPLQHZKLFKEUDQFK
LQ WKH FURZQ FRUUHVSRQGHG WR WKH PDLQ VWHP 7KLV SUREOHP ZDV VROYHG E\
DVVXPLQJ WKDW WKH FURZQ EUDQFK ZKRVH GLUHFWLRQ RI JURZWK PRVW FORVHO\







+DYLQJ LGHQWLILHG WKHPDLQ VWHP DOO RI WKH EUDQFKHVZHUH QXPEHUHG )LJXUH























GU\ ZHLJKW PRLVWXUH FRQWHQW DQG EDVLF ZRRG GHQVLW\ J FP ZHUH
GHWHUPLQHG7RWKLVHQGWKHVXEVDPSOHVZHUHRYHQGULHGWRFRQVWDQWZHLJKWDW
 &± & %URZQDQG/XJR 3DUUHVRO 3HDUVRQ HW DO 
-RKDQVVRQ  7KHLU EDVLF GHQVLW\ ZDV WKHQ HVWLPDWHG XVLQJ WKH VWDQGDUG
ZDWHULPPHUVLRQPHWKRGGHVFULEHGE\$QGHUVVRQDQG7XLPDOD $*%
PRLVWXUH FRQWHQW 0& DQG EDVLF ZRRG GHQVLW\ ZHUH GHWHUPLQHG XVLQJ
HTXDWLRQV,DQG,7DEOHOLVWV WKHHTXDWLRQVXVHGWRFDOFXODWHWKHYDULRXV
SDUDPHWHUVGLVFXVVHGLQWKHSUHFHGLQJSDUDJUDSKV
7DEOH Used formulas for the biomass and volume estimates 
3DUDPHWHUV )RUPXODV 3DSHUDQG(TXDWLRQ
Dry Mass, Kg ܦݎݕ݉ܽݏݏ ൌ  ݏ݀ݓݏ݂ݓ ൈ ݂ݓܥ
,
Moisture Content, % ܯܥ ൌ݂ݓ െ ݀ݓ݂ݓ
,
Basic Density , g cm−3 ܤ݀ ൌ ܯܸ
,
Basal Area, m2 ܤܣ ൌ ൫ߨ Ͷൗ ൯ ൈ ܦଶ ,,
Volume of Stem Sections, m3 ௦ ൌ ቀ ሺܤܣଵ ൅ ܤ ܣ ଶሻൗʹቁ ൈ ܮ 
,,
Volume of the Top Section, m3 ௧௢௣ ൌ ൫ܤܣൗ͵ ൯ ൈ ܮ ,,
Total Volume, m3 ௧ܸ௢௧௔௟ ൌ෍ሺ ௦ܸሻ ൅ ௧ܸ௢௣ ,,
ZKHUH
Sdw GU\ZHLJKWRIVXEVDPSOHJSfw IUHVKZHLJKWRIVXEVDPSOHJfwC 
= IUHVKZHLJKWRIFRPSRQHQW fw  IUHVKZHLJKWJdw  RYHQGU\ZHLJKW
JM'U\ZHLJKWRIVWHPRUEUDQFKVDPSOHJBA   FURVVVHFWLRQDODUHD











SRZHU HTXDWLRQ SHUIRUPHGZHOO DQGZDV WKHUHIRUH LQYHVWLJDWHG IXUWKHU 1RQ
OLQHDU HTXDWLRQV KDYH SUHYLRXVO\ EHHQ VKRZQ WR \LHOG JRRG UHVXOWV IRU
SUHGLFWLRQV RI WKLV VRUW .LWWUHGJH 1iYDU 1iYDU&KiLGH] HW DO
DQGKDYHDOVREHHQXVHGVXFFHVVIXOO\WRSUHGLFWVWHPYROXPHV&DRHWDO
 /XPEUHV DQG /HH  7HZDUL HW DO  7KH VWHP YROXPH ZDV
PRGHOOHGDVDIXQFWLRQRI'%+DORQHDQG'%+ZLWKKHLJKW7KHELRPDVVDQG
VWHPYROXPHHTXDWLRQVXVHGIRUPRGHOILWWLQJDUHSUHVHQWHGLQ7DEOH
7DEOH Tested biomass and stem volume equations for the three studied species 
Equations 3DSHUDQG(TXDWLRQ
Biomass 
ܣܩܤ ൌ ߚ଴ܦఉభ ,
ܣܩܤ ൌ ߚ଴ܦఉభߚଶܤ݀ ,
ܣܩܤ ൌ ߚ଴ሺܤ݀ܦܪሻఉభ ,
ܣܩܤ ൌ ሺߚ଴ ൅ ߚଵܤ݀ሻܦఉమ ,
Stem Volume
ܸ ൌ ߚ଴ܦఉభ ,,
ܸ ൌ ߚ଴ܦଶH ,,
ܸ ൌ ߚ଴ܦఉభܪఉమ ,,
ܸ ൌ ߚ଴ܦଶܪఉభ ,,
ZKHUH
$*% $ERYHJURXQG ELRPDVV NJ GZ WUHHí' '%+RYHU EDUN RE






7KH PRVW FRPPRQ SURFHGXUH IRU YDOLGDWLQJ ELRPDVV DQG VWHP YROXPH
HTXDWLRQV LV WR WHVW WKHP DJDLQVW DQ LQGHSHQGHQW GDWDVHW .R]DN 	 .R]DN
+RZHYHUWKLVZDVQRWSRVVLEOHIRUWKHELRPDVVHTXDWLRQLQWKLVFDVHGXH
WRWKHOLPLWHGQXPEHURIDYDLODEOHVWDQGV7KHYROXPHPRGHOVZHUH WKHUHIRUH
YDOLGDWHG XVLQJ D ³OHDYHRQHRXW FURVVYDOLGDWLRQ´7KH HQWLUH GDWDVHWZDV
OHIW RXW RQH DW D WLPH DQG WKH SDUDPHWHUV ZHUH HVWLPDWHG IRU WKH








GLDPHWHU DW DQ\ VWHP KHLJKW +RZHYHU QHLWKHU YROXPH UDWLRV QRU WDSHU
IXQFWLRQVKDYHEHHQ HVWDEOLVKHG IRU WKHQDWLYH IRUHVW VSHFLHV RI0R]DPELTXH
&KDQIXWD -DPELUH DQG 8PELOD :H WKHUHIRUH HVWLPDWHG PHUFKDQWDEOH
YROXPHVXVLQJGDWDRQ WKHGLPHQVLRQVRI&KDQIXWD-DPELUHDQG8PELOD ORJV
KDUYHVWHG E\ IRUHVW RSHUDWRUV ZRUNLQJ LQ WZR FRQFHVVLRQ DUHDV LQ 6RIDOD
3URYLQFHEHWZHHQDQG3DSHU,,7KHDYHUDJHGLPHQVLRQVGLDPHWHU
DQGKHLJKWRIWKHORJVZHUHFRPSDUHGWRWKHILHOGGDWDJDWKHUHGLQWKHSUHVHQW
VWXG\ WR GHULYH H[SUHVVLRQV IRU HVWLPDWLQJ PHUFKDQWDEOH VWHP YROXPH DQG




WKH 6$667$7 V\VWHP IRU SHUVRQDO FRPSXWHUV 6$6 $VVHVVPHQWV RI
EHVW ILW IRU ELRPDVV HTXDWLRQV ZHUH SHUIRUPHG XVLQJ WKH FRHIILFLHQW RI
GHWHUPLQDWLRQ 5 =DU  DYHUDJH ELDV $% DYHUDJH DEVROXWH ELDV
$$% URRW PHDQ VTXDUH HUURU 506( DQG UHVLGXDO SORWV $$% ZDV XVHG
EHFDXVH3DUUHVRO et al.IRXQGWKDWLWFOHDUO\GLVFULPLQDWHGEHWZHHQDVHW
RI VLPLODU HTXDWLRQV 6RPH DGGLWLRQDO SDUDPHWHUV ZHUH FRQVLGHUHG ZKHQ
DVVHVVLQJ WKH VWHP YROXPH HTXDWLRQV QDPHO\ WKH Residual Standard Error 
(RSE) DQG Akaike Information Criterion (AIC) $NDLNH %XUQKDP DQG





7KHFDOFXODWLRQRIWKH$,&GHSHQGHGRQWKHmaximum likelihood “L” value, 
number of parameters (p) and sample size ,, 7KHPD[LPXP OLNHOLKRRG











































,Q WRWDO  GLIIHUHQW WUHHV ZHUH IRXQG LQ WKH VWXG\ DUHD DQGPHDVXUHG WR
GHWHUPLQH WKHLU '%+ WRWDO KHLJKW DQG FRPPHUFLDO KHLJKW 6SHFLHV
LGHQWLILFDWLRQZDVSRVVLEOHIRURIWKHVHEXWWKHUHPDLQLQJFRXOGQRWEH
LGHQWLILHG E\ ORFDO SHRSOH RU ERWDQLVWV 7KH  KD VDPSOHG DUHD  SORWV
FRQWDLQHG DW OHDVW  GLIIHUHQW WUHH VSHFLHV  RI ZKLFK EHORQJHG WR WKH




&KDQIXWD  -DPELUH DQG  8PELOD 7KH VWHP GHQVLWLHV DW WKH 7RPH
,QKDPLQJD DQG0DYXPH ORFDOLWLHVZHUH  VWHPV KDí  VWHPV KDí DQG
VWHPVKDíUHVSHFWLYHO\2WKHUVSHFLHVDFFRXQWHGIRUDQG
 UHVSHFWLYHO\ RI WKH WRWDO WUHH FRXQW LQ WKH VWDQGV DW WKHVH WKUHH ORFDOLWLHV
7KH VRPHZKDWKDSKD]DUG VSHFLHVGLVWULEXWLRQZLWKLQ WKH VWXGLHGDUHDDQG WKH
XVH RI UDQGRPO\ DOORFDWHG SORWV PD\ KDYH LQIOXHQFHG WKH UHFRUGHG VSHFLHV
W\SHV 7KH VLWHV H[KLELWHG FRQVLGHUDEOH VSHFLHV YDULDELOLW\ ± ZKLOH &KDQIXWD
ZDVIRXQGDWDOOWKUHHVLWHV-DPELUHDQG8PELODZHUHQRW7KH,QKDPLQJDVLWH
WHQGHG WR KDYH ODUJHU WUHHV WKDQ 0DYXPH DQG 7RPH 7DEOH  OLVWV WKH






7DEOH  Characteristics of trees species growing in stands at Inhaminga, Mavume and Tome,





-DPELUH DQG 8PELOD UHVSHFWLYHO\ 7KH VWXGLHG VSHFLHV YDULHG LQ WKHLU WRWDO
$*% DQG WKHLU DOORFDWLRQ RI ELRPDVV DFURVV GLIIHUHQW WUHH IUDFWLRQV -DPELUH
WUHHVKDGWKHKLJKHVWPHDQGU\ZHLJKWNJWUHHUDQJH±
IROORZHGE\&KDQIXWD  UDQJH±DQG8PELOD 
UDQJH±7DEOHVDQG3DSHU,7KHWKUHHVSHFLHVDOVRGLIIHUHGZLWK
UHVSHFW WR WKHLU DOORFDWLRQ RI ELRPDVV WR GLIIHUHQW FRPSRQHQWV WKH VWHP
DFFRXQWHGIRURIWKHWRWDOELRPDVVIRU-DPELUHEXWRQO\IRU&KDQIXWD
&RQYHUVHO\ WKH EXON RI WKH ELRPDVV RI 8PELOD WUHHV ZDV DOORFDWHG WR WKH
EUDQFKHVZKLFKDFFRXQWHGIRURIWKHWRWDO$%*FRPSDUHGWRRQO\




 IRU EUDQFKHV DQG  WR  IRU OHDYHV7KH VSHFLHV DOVR GLIIHUHGZLWK
UHVSHFW WR EDVLFZRRG GHQVLW\ -DPELUH KDG WKH KLJKHVWPHDQ  J FP
IROORZHGE\&KDQIXWDDQG8PELODDWDQGJFPUHVSHFWLYHO\ ,Q








EUDQFKHV   DQG OHDYHV  EDVHGRQ VDPSOHVRI&KDQIXWD D
-DPELUHEDQG8PELODF
%DVHGRQ WKH VDPSOHG WUHHV WKHPHDQ HVWLPDWHG VWHPYROXPHV IRU&KDQIXWD
-DPELUH DQG 8PELOD ZHUH  P  P DQG  P UHVSHFWLYHO\
7DEOH  3DSHU ,, ,QWHUHVWLQJO\ WKLV LV QRW WKH VDPH DV WKH '%+ RUGHU
-DPELUH KDG WKH JUHDWHVW'%+ EXW&KDQIXWD KDG D KLJKHU VWHP YROXPH 7KH
HVWLPDWHGFRPPHUFLDOVWHPOHQJWKVIRUHDFKVSHFLHVDVDSURSRUWLRQRIWKHWRWDO
WUHH OHQJWK UDQJHG IURP    FRUUHVSRQGLQJ WRPHDQ FRPPHUFLDO VWHP
OHQJWKVRIDQGPIRU&KDQIXWD-DPELUHDQG8PELODUHVSHFWLYHO\ 7KH
SURSRUWLRQVRIWUHHVZKRVHFRPPHUFLDOOHQJWKVZHUHOHVVWKDQRUHTXDOWR





P WUHHUHVSHFWLYHO\ %\FRPELQLQJWKHVHYDOXHVZLWKWKHELRPDVVHVRI WKH
EUDQFKHVDQGOHDYHVWRWDOUHVLGXDOELRPDVVYDOXHVRIDQGGU\WRQV
KDZHUHHVWLPDWHGIRUWKHWKUHHVSHFLHVUHVSHFWLYHO\
:H DOVR DQDO\VHG WKH GLDPHWHUV DQG OHQJWKV RI &KDQIXWD -DPELUH DQG
8PELOD ORJV KDUYHVWHG LQ WZR FRQFHVVLRQV ³,QG~VWULD 0DGHLUHLUD GH
0RoDPELTXH ,00´ DQG ³,QFKRSH 0DGHLUDV´ 7KH DYHUDJH OHQJWKV RI ORJV
IURPDOOWKUHHVSHFLHVZHUHDURXQGPHWHUVDQGWKXVGLIIHUHGIURPWKHDYHUDJH










\LHOGHG WKH KLJKHVW FRHIILFLHQWV RI GHWHUPLQDWLRQ IRU WKH WKUHH WUHH VSHFLHV
HVSHFLDOO\ IRU WRWDO $*% DQG VWHP YROXPH 5! LQGLFDWLQJ WKDW WKHVH
PRGHOV ILWWHG WKHGDWDZHOO7KHLU5YDOXHV IRUEUDQFKELRPDVVZHUHVOLJKWO\
ORZHU UDQJLQJ IURP WR:KLOH WKHHTXDWLRQ IRU WKH OHDIELRPDVVRI
&KDQIXWDWUHHVKDGDFRPSDUDWLYHO\ORZ5YDOXHWKRVHIRU-DPELUHDQG
8PELOD OHDIELRPDVVSHUIRUPHGTXLWHZHOO 5 DQG UHVSHFWLYHO\
7KHVHPRGHOVKDGSRVLWLYHELDV$%YDOXHVLQGLFDWLQJXQGHUHVWLPDWLRQRIWKH
FKRVHQSUHGLFWRUVHVSHFLDOO\IRU-DPELUHDQG8PELOD
7KHUHZDVD ODUJHGLIIHUHQFHEHWZHHQ WKH$$%DQG506(YDOXHV IRU WKH
&KDQIXWDHTXDWLRQVEXWQRW IRU-DPELUHDQG8PELOD7KLV LQGLFDWHV WKDW WKHUH
ZDV VXEVWDQWLDO YDULDWLRQ LQ WKH HUURU YDOXHV IRU WKH VDPSOH WUHHV 6XPPDU\





7DEOH  Statistical parameters of the fitted aboveground biomass equations for Chanfuta, 
Jambire, and Umbila
Components Parameters AB AAB R2 RMSE 
Chanfuta 
Total 3.1256 × D1.5833 −10.6 159.8 0.97 194.37 
Stem 0.4369 × D2.0033 −20.0 171.6 0.91 227.90 
Branches 22.7577 × D0.7335 −0.1 15.0 0.79 168.19 
Leaves 19.9625 × D−0.0836 2.1 13.2 0.40 19.14 
Jambire 
Total 5.7332 × D1.4567 49.5 250.0 0.95 256.83 
Stem 4.8782 × D1.4266 43.5 217.6 0.94 220.25 
Branches 0.3587 × D1.8091 10.3 90.7 0.78 142.48 
Leaves 77.0114 × D−0.5511 −0.7 6.3 0.72 4.09 
Umbila 
Total 0.2201 × D2.1574 9.6 103.8 0.89 140.69 
Stem 0.0083 × D2.8923 −1.6 23.1 0.95 51.43 
Branches 2.3596 × D1.2690 3.7 96.0 0.69 120.68 
Leaves 4.0400 × D0.1680 0.0 3.3 0.71 4.71 
)RXU GLIIHUHQW VWHP YROXPH SRZHU HTXDWLRQVZHUH ILWWHG WR WKH YROXPH GDWD
XVLQJHLWKHU'%+DORQHRU'%+DQGKHLJKWDVH[SODQDWRU\YDULDEOHV$OOIRXU
HTXDWLRQV \LHOGHG JRRG VWDWLVWLFDO ILWV WR WKH GDWD ZLWK 5 YDOXHV RI  
+RZHYHU WKH HTXDWLRQVGLIIHUHGZLWK UHVSHFW WR WKHLU56(560(ELDV $%
DQG$$%DQG$,&YDOXHV7KHGLIIHUHQFHEHWZHHQ$$%DQG560(ZDVODUJH
IRU&KDQIXWD LQGLFDWLQJVXEVWDQWLDOYDULDWLRQ LQ WKHHUURUV IRU WKHVDPSOH WUHH
YROXPH HVWLPDWHV 7KH ELDV $% ZDV JHQHUDOO\ ORZ DQG SRVLWLYH IRU DOO
VSHFLHVLQGLFDWLQJWKDWWKHSUHGLFWRUHTXDWLRQVPD\VOLJKWO\XQGHUHVWLPDWHWKH
ELRPDVV RI8PELOD DQG VOLJKWO\ RYHUHVWLPDWH WKDW IRU &KDQIXWD DQG -DPELUH
$IWHUFRPSXWLQJ WKHYDULRXVVWDWLVWLFDOSDUDPHWHUVDQGZHLJKLQJ WKHPDJDLQVW
RQHDQRWKHU XVLQJ DQ RYHUDOO UDQN DSSURDFK LW ZDV IRXQG WKDW WKH REVHUYHG















WKRXJKDQHDUOLHU IRUHVW LQYHQWRU\ UHSRUW LQGLFDWHG WKDW VRPHRI WKHPGLGQRW
FRQWDLQ WKHVH VSHFLHV 0DU]ROL  7KLVPD\ EH GXH WR WKH ORZ VDPSOLQJ
LQWHQVLW\ RI HDUOLHU IRUHVW LQYHQWRULHV WKH XVH RI GLIIHUHQW VDPSOLQJPHWKRGV
DQG VWUDWHJLHV WKH H[DPLQDWLRQ RI GLIIHUHQW VDPSOLQJ VLWHV RU WKH KDSKD]DUG
GLVWULEXWLRQ RI WKH VWXGLHG VSHFLHV 5HJDUGOHVV RI WKH FDXVH WKH UHVXOWV
SUHVHQWHGKHUHLQVXJJHVWWKDWHDUOLHULQYHQWRULHVDUHPRUHXVHIXODVJHQHUDOL]HG








WREH VRPHZKDW VKRUW EHFDXVH WKH VWXGLHG VSHFLHVPD\ QHHG\HDUVRI
JURZWK WR UHDFK WKH PLQLPXP DOORZDEOH FXW GLDPHWHU 6PDOO ZRRG ELRPDVV
LQFUHPHQWVLQ0R]DPELFDQIRUHVWVZHUHSUHYLRXVO\UHSRUWHGE\)DWK,W
ZLOO WKHUHIRUH EH QHFHVVDU\ WR REWDLQ PRUH UHOLDEOH DJH HVWLPDWHV IRU
0R]DPELFDQ WUHHV LQ RUGHU WR VXSSRUW VXVWDLQDEOH IRUHVWPDQDJHPHQW LQ WKLV
FRXQWU\
7KH SUHVHQW VWXG\ VKRZHG WKDW WKH VWXGLHG VSHFLHV DOORFDWHG ELRPDVV
GLIIHUHQWO\ DPRQJ WKHLU YDULRXV WUHH IUDFWLRQV:KLOH VWHPV DFFRXQWHG IRU WKH








JURZLQJ RQ IRUHVW ODQG0RUHRYHU LW KDV EHHQ VXJJHVWHG WKDW VLWH FRQGLWLRQV
LQIOXHQFH WKH GLVWULEXWLRQ RI ELRPDVV EHWZHHQ WUHH IUDFWLRQV 6HJXUD DQG
.DQQLQHQ &KDPVKDPD et al., $EERW HW DO 1HOVRQ HW DO








WKHGRPLQDQWYHJHWDWLRQ 7DEOH6LWH FRQGLWLRQVPD\DOVRKDYH LQIOXHQFHG WKH
WUHHV¶ JURZWK UDWHV VL]HV DQG ELRPDVV GLVWULEXWLRQV FDXVLQJ GLIIHUHQFHV ERWK
EHWZHHQDQGZLWKLQVSHFLHV$QWKURSRJHQLFDFWLYLWLHVKDUYHVWLQJDQGIRUHVWILUHV
KDYH DOO EHHQ LGHQWLILHG DV GULYLQJ IRUFHV RI FKDQJHV LQ WKH VWUXFWXUH DQG
FRPSRVLWLRQ RI PLRPER IRUHVWV 5LEHLUR et al.  ,Q WKLV FRQWH[W LW LV
QRWHZRUWK\WKDWDOORIWKHVDPSOHGDUHDVKDGEHHQVXEMHFWWRWLPEHUKDUYHVWLQJLQ
WKHSDVW)XUWKHUVWXGLHVZLOOEHQHHGHGWRLGHQWLI\GULYLQJIDFWRUVWKDWLQIOXHQFH
ELRPDVV GLVWULEXWLRQ LQ GLIIHUHQW IRUHVW W\SHV ZLWK GLIIHUHQW HQYLURQPHQWDO
IDFWRUV
7KH VSHFLHVVSHFLILF YROXPH HVWLPDWLRQ PHWKRGV GHYHORSHG LQ WKLV ZRUN
SURYLGHGPRUHDFFXUDWHHVWLPDWHVWKDQZHUHREWDLQHGXVLQJWKHJHQHULFIRUPXOD
UHFRPPHQGHGE\0DU]ROL7KHWKUHHHQWU\YDULDEOHHTXDWLRQRI0DU]ROL
 RYHUHVWLPDWHG VWHP YROXPHV E\   DQG  IRU &KDQIXWD
-DPELUH DQG 8PELOD UHVSHFWLYHO\ 7KH VWHP YROXPH HVWLPDWLRQ PHWKRG
GHYHORSHG LQ WKLV ZRUN SURYHG WR EH VXLWDEOH IRU WURSLFDO WUHH VSHFLHV ZLWK
PXOWLEUDQFKHG FURZQV DOWKRXJK JDWKHULQJ WKH GDWD QHHGHG WR XVH WKH
HTXDWLRQVLVVRPHZKDWODERULRXVDQGWLPHFRQVXPLQJ+RZHYHUWKHIRUPXODRI
0DU]ROLKDVDPDMRUGUDZEDFNLQWKDWLWXVHVDQDUELWUDU\IRUPIDFWRUQR
VXFK IRUP IDFWRUV KDYH EHHQ GHWHUPLQHG IRU 0R]DPELTXH DQG WKHUH DUH QR
HVWDEOLVKHGPHWKRGVIRUWKHLUHVWLPDWLRQLQWKLVFRXQWU\
 %LRPDVVDQG6WHP9ROXPH(TXDWLRQV
:KLOH'%+DORQHZDV WKHEHVWSUHGLFWRUYDULDEOH IRU$*%HVWLPDWLRQ 3DSHU
,LWGLGQRW\LHOGJRRGUHVXOWVIRUWKHVWHPYROXPH+RZHYHUWKHLQFOXVLRQRI
KHLJKWDVDQDGGLWLRQDOYDULDEOHJUHDWO\LPSURYHGWKHSHUIRUPDQFHRIWKHVWHP
YROXPH PRGHOV 3DSHU ,, 7KH ILWWHG $*% DQG VWHP YROXPH HTXDWLRQV
H[KLELWHGGHWHUPLQDWLRQFRHIILFLHQWV5LQH[FHVVRILQGLFDWLQJWKDWWKH







GLIILFXOW WR ILQG OHDYHV WKDW ODQGHG VRPH GLVWDQFH IURP WKH IHOOLQJ VLWH 7KH
REVHUYDWLRQ WKDW WKH SUHGLFWLRQV RI WKH VWHP YROXPH ZHUH LPSURYHG E\
LQFOXGLQJKHLJKWDVDYDULDEOHLQWKHPRGHOLVFRQVLVWHQWZLWKSUHYLRXVILQGLQJV
%URZQHWDO$EERWHWDO&KDYpHWDO%HUKH0QL
DQG 2Ü )RQZHEDQ HW DO  +RZHYHU WKH DFFXUDWH LQGLUHFW
PHDVXUHPHQW RI KHLJKW LV FKDOOHQJLQJ DQG WKLV PD\ OLPLW WKH JHQHUDO
DSSOLFDELOLW\ RI PRGHOV LQ ZKLFK LW DSSHDUV DV D YDULDEOH .DQLPH DQG
/DDPDQHQ'RUDGRHWDO6KDUPDDQG3DUWRQ
7KH LQFOXVLRQ RI WKH EDVLF GHQVLW\ DV D YDULDEOH LQ WKH HTXDWLRQV IRU WRWDO
$*% DQG WKH ELRPDVV RI RWKHU WUHH IUDFWLRQV RQO\ \LHOGHG SUHGLFWLYH
LPSURYHPHQWVIRUWKHWRWDO$*%RI8PELOD5 ±506( ±




7KLVZRUNSUHVHQWV WKH ILUVW VSHFLHVSHFLILFHTXDWLRQV IRUSUHGLFWLQJ WKH$*%
DQGVWHPYROXPHRI&KDQIXWD-DPELUHDQG8PELODWUHHV%HFDXVHDOORIWKHVWXGLHG
-DPELUHVDPSOHVZHUHFROOHFWHGIURPWKHVDPHORFDOLW\ WKHHTXDWLRQVIRU WKLV







WKLV ZRUN WKH GHYHORSHG HTXDWLRQV DUH VXLWDEOH IRU WUHHV ZLWK '%+ YDOXHV
UDQJLQJIURPWRFPDQGWRWDOKHLJKWVRI±P
7KHPRGHOV IRU WRWDO$*% DQG WKH ELRPDVVHV RI LQGLYLGXDO WUHH IUDFWLRQV
WKDWEHVWILWWKHH[SHULPHQWDOGDWDZHUHVHOHFWHGEDVHGRQWKHLU5506(DQG




RYHUDOO UDQN WHVW&KDYp HW DO  UHFRPPHQGHG D FRPELQDWLRQ RI5 DQG
56( ZKLOH %XUQKDP 	 $QGHUVRQ  UHFRPPHQGHG $,& IRU PRGHO
VHOHFWLRQ ,Q WKLVZRUN DQRYHUDOO UDQNDVVHVVPHQWEDVHGRQHYHU\FDOFXODWHG






FOLPDWHRUVRLO W\SH &KDYpHWDODQG+HQU\HWDO ,QDGGLWLRQ
IXUWKHU UHVHDUFK ZLOO EH UHTXLUHG WR GHYHORS HTXDWLRQV WKDW FDQ GHVFULEH






WKDW  WKHVH VSHFLHV¶ VWHP YROXPHV DUH QRW FRPPHUFLDOO\ YDOXHG DQG DUH
WKXV DYDLODEOH DV UHVLGXHV 6LPLODU UHVXOWV IRU RWKHU VSHFLHV LQ 0R]DPELTXH
ZHUHUHSRUWHGE\)DWK,IZHDVVXPHWKDWRIWKHZRRGELRPDVVRI
WURSLFDOVSHFLHV LVDOORFDWHG WREUDQFKHV *HOGHQKX\VDQG*ROGLQJVDQG
GHSHQGLQJ RQ ELRPDVV DOORFDWLRQ GXH WR HQYLURQPHQWDO IDFWRUV $EERW HW DO
1HOVRQHWDO6HJXUDDQG.DQQLQHQ0XUDOLHWDOLW
LVFOHDUWKDWWKHDPRXQWRIUHVLGXDOELRPDVVZLOOYDU\EHWZHHQVSHFLHV
7KH HVWLPDWHG FRPPHUFLDO VWHP OHQJWKV JHQHUDWHG GXULQJ WKLV ZRUN ZHUH
JUHDWHU WKDQ WKH ORJ GLPHQVLRQV OLVWHG LQ ORFDO IRUHVW FRPSDQLHV¶ UHFRUGV
+RZHYHU GLUHFW FRPSDULVRQV EHWZHHQ WKH WZR GDWDVHWV DUH QRW QHFHVVDULO\
PHDQLQJIXOEHFDXVHWKHFRPSDQLHV¶UHFRUGVGLGQRWVWDWHKRZPDQ\ORJVZHUH
GHULYHG IURP LQGLYLGXDO WUHHV KRZ PDQ\ ORJV ZHUH REWDLQHG IURP WKLFN
EUDQFKHVRUWKHQXPEHURIPLVVLQJUHFRUGV7KHILQGLQJVRIWKLVVWXG\LQGLFDWH
WKDW WKH 0R]DPELFDQ IRUHVW LQGXVWU\ SURGXFHV ODUJH TXDQWLWLHV RI XQXWLOL]HG
UHVLGXDOELRPDVVWKDWLVQRWZHOODFFRXQWHGIRU
+LVWRULFDO GDWD VKRZ WKDW WKH WKUHH VWXGLHG VSHFLHV GRPLQDWHG
0R]DPELTXH¶V KDUYHVWHG YROXPHV RYHU WKH ODVW  \HDUV 7KH PRGHOV DQG
ILQGLQJV SUHVHQWHG KHUHLQ VKRXOG WKXV EH XVHIXO IRU WKH PDQDJHPHQW RI
FRXQWU\¶V H[LVWLQJ FRPPHUFLDO VWRFN +RZHYHU IXUWKHU UHVHDUFK RQ WKH
DYDLODELOLW\ RI ORJJLQJ UHVLGXHV LQ WHUPV RI VWDQG VWRFNPDUNHW GHPDQG DQG
ORJLVWLFDO LVVXHV LV QHHGHG 0RUHRYHU OLWWOH LV NQRZQ DERXW WKH SRWHQWLDO
HQYLURQPHQWDO FRQVHTXHQFHV RI KDUYHVWLQJ IRUHVW UHVLGXHV EHFDXVH WKH\ DUH
FXUUHQWO\UHJDUGHGDVXQZDQWHGE\SURGXFWVRIKDUYHVWLQJRSHUDWLRQVDQGOHIWLQ
SODFH 7KLV GHILFLHQF\ VKRXOG EH DGGUHVVHG +RZHYHU WKH QHJDWLYH
HQYLURQPHQWDO LPSDFWV RI FXWWLQJ QDWXUDO IRUHVWV LQ 0R]DPELTXH WR KDUYHVW
IXHOZRRGKDYHEHHQGRFXPHQWHG6LWRHet al., )XHOZRRGKDUYHVWLQJDQG
WKH FOHDULQJ RI IRUHVW ODQG IRU DJULFXOWXUDO XVH DUH WKH PDMRU FDXVHV RI




UHVXOWV SUHVHQWHGKHUHLQ VXJJHVW WKDW UHVLGXDOPDWHULDO IURP WKHKDUYHVWLQJRI
WKH VWXGLHG WUHH VSHFLHV FRXOG UHSUHVHQW D YLDEOH VRXUFH RI ELRHQHUJ\ ZKRVH











DQG8PELOD ± KDYH EHHQ GHYHORSHG 7KH ELRPDVV HTXDWLRQ FDQ HVWLPDWH WKH
ELRPDVVRILQGLYLGXDOWUHHIUDFWLRQVDQGZRRG\ELRPDVVUHVLGXHVGHULYHGIURP
ORJJLQJDFWLYLW\WKDWFRXOGSRWHQWLDOO\EHXVHGWRJHQHUDWHELRHQHUJ\7KHVWHP
YROXPH VWXG\ ZDV WKH ILUVW DWWHPSW WR GHYHORS VSHFLHVVSHFLILF YROXPH
HTXDWLRQV IRU QDWLYH FRPPHUFLDO WUHH VSHFLHV LQ0R]DPELTXH 7KH HTXDWLRQV
SUHVHQWHGKHUHLQUHSUHVHQWYDOXDEOHFRQWULEXWLRQVEHFDXVHWKH\ZLOOHQDEOHWKH
FUHDWLRQ RI WRROV WKDW ZLOO DOORZ 0R]DPELFDQ IRUHVW SODQQHUV WR SUHGLFW
PHUFKDQWDEOH YROXPHV ZLWK JUHDWHU DFFXUDF\ WKDQ ZDV SUHYLRXVO\ SRVVLEOH
HVWLPDWHIRUHVWUHVRXUFHVWRFNVDQGGHILQHDSSURSULDWHPDQDJHPHQWVWUDWHJLHV
+RZHYHU WURSLFDO0LRPER IRUHVWV H[KLELW KLJK VSHFLHV GLYHUVLW\ DQG IXUWKHU
ZRUNZLOOEHUHTXLUHGWRGHYHORSVSHFLHVVSHFLILFYROXPHDQGWDSHUHTXDWLRQV




SHU VWDQGLQJ WUHH ZKLFK ZDV  WRQV IRU &KDQIXWD  WRQ IRU
-DPELUHDQGWRQVIRU8PELOD





WKH GLDPHWHU '%+ DORQH XVLQJ D QRQOLQHDU SRZHU HTXDWLRQ
$*% ȕ'ȕ






















x 8VH WKH GHYHORSHG ELRPDVV DQG YROXPH HTXDWLRQV WR DVVHVV WKH
SRWHQWLDO RI UDZPDWHULDO IURP QDWLYH DQG SODQWHG IRUHVWV IRU HQHUJ\
JHQHUDWLRQDQGDVVHVVWKHDVVRFLDWHGORJLVWLFDOLVVXHV
x 'HWHUPLQH UHOHYDQW IXHO TXDOLW\ SDUDPHWHUV IRU WKH UHVLGXDO PDWHULDO
OHIW EHKLQG DIWHU WLPEHU KDUYHVWLQJ RI WKH VWXGLHG VSHFLHV HJ LWV
KHDWLQJYDOXHDQGDVKFRQWHQW
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